Abstract: Ru chemical mechanical planarization (CMP) was studied in slurries containing titania and potassium bromate at different pH values, showing that the Ru removal rate is enhanced at pH 2 or less. Potentiodynamic polarization studies indicate that the corrosion current is enhanced in the presence of bromate, while the static etch rate experiments show that the etch rate is low. Potassium bromate increases the Ru removal only at anodic potentials or during mechanical abrasion. Studies at different concentrations of abrasive and oxidizing agent reveal that the removal rate enhancement saturates at 0.75 mM bromate and 4 wt% titania.
Introduction:
Cu is used as interconnect material in integrated circuits, and a thin barrier layer is used to prevent the diffusion of Cu through the interlayer dielectric 1, 2 . During damascene and dual damascene fabrication of interconnect structures, the excess Cu and barrier are removed by a process of chemical mechanical planarization (CMP). Currently Ta and TaN are used as barrier metals 1 and a thin Cu seed layer is deposited by PVD followed by electrodeposition of Cu.
However, as feature dimensions shrink, the PVD Cu is not scalable and Ru is proposed as a suitable seed layer. It has low resistivity as well as negligible solid solubility with Cu 3, 4 .
Although introduction of Ru would likely require the development of chemical mechanical planarization (CMP) techniques, only a few reports have appeared that describe Ru CMP methods [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Ru is a noble metal with high chemical resistance and mechanical hardness, which makes Ru CMP challenging. Sodium periodate [5] [6] [7] [8] [9] , hydrogen peroxide [10] [11] [12] , persulfate 11 , Ce(IV) 10, [13] [14] [15] [16] , and perborate 17 have been suggested as suitable oxidizing agents for Ru CMP.
Here we report potassium bromate (KBrO 3 ) as an oxidizing agent and titania as an abrasive for Ru CMP. Titania was chosen as candidate abrasive since it was reported to yield higher Ru removal rate when compared to silica and alumina based slurries 18 . The effect of abrasive loading, oxidizing agent concentration and pH is systematically studied.
Experimental:
Ru CMP was studied with a lab-scale polishing instrument (Struers LaboPol-5/LaboForce 3) using a 25-mm diameter, 3-mm thick Ru disc (99.9% purity, William Gregor Ltd, UK).
Electrochemical grade copper disc of 25 mm diameter was used for copper CMP. A constant downward pressure of 5.8 psi was applied, the platen was rotated at 150 rpm, the disc was rotated at 250 rpm, and a slurry flow rate of 100 ml/min was maintained. The slurry contained DI water, titania abrasives (-300 mesh, DCW, India), and the pH was adjusted using HNO 3 The effect of changing the abrasive loading is shown in Figure 3 . For slurries without any oxidizing agent, the Ru removal rate increases up to 1 wt% titania. At higher abrasive loadings, the Ru removal rate shows saturation. In the presence of 100 mM KBrO 3 , the Ru removal rate is clearly much higher and increases with titania loading, but this effect saturates at 4 wt% titania loading. Figure 4 shows the effect of changing the concentration of oxidizing agent in slurries containing 2 wt% titania at a pH of 2. In slurries without KBrO 3 , the removal rate was 7 nm/min. without an oxidizing agent, the Ru removal rate saturates at 18 nm/min, while upon addition of 100 mM KBrO 3 , the Ru removal rate saturates at 104 nm/min. This effect of reaching a limiting value for the metal removal rate has been proposed to reflect a maximum in the extent of mechanical abrasion of the metal surface by the abrasive particles 31 The Cu removal rate in 75mM KBrO 3 and 2 wt% titania at pH 2 was 285 nm/min and was not suppressed to a significant extent by the addition of 65 mM BTA. Further work is necessary to identify a Cu corrosion inhibitor suitable for this slurry.
The effect of oxidizing agent concentration is more complex, since this depends on the relative rates of metal oxidation and metal oxide dissolution. The observation of a limiting removal rate has been suggested to occur during metal CMP when the overall reaction is rate-limited by mechanical abrasion of the surface film 33 .
The results of potentiodynamic polarization experiments are shown in Figure 5 . The corrosion current density is quite low in solutions without KBrO 3 . In solutions with KBrO 3 , the corrosion potential is significantly shifted in the anodic direction. The plots show that the dominant anodic and cathodic reactions have changed upon addition of KBrO 3 . However, the corrosion current densities at high concentrations of KBrO 3 greatly exaggerate the extent of Ru corrosion. As discussed earlier, the Ru static etch rate in these slurries is very low, so the current densities reported in Table 1 
